Core to its charge is the development and adoption of a nationwide health information infrastructure whose purpose includes the exchange of patient health information. Despite its original charge, the U.S. healthcare data infrastructure's lack of interoperability has emerged as a significant barrier compromising the potential of health information systems to improve health care and reduce costs. In a call for an overhaul of the EHR environment, the American Medical Association has emphasized "data liquidity" as 1 of 8 keys to improving EHR usability (2) . In an October 2014 press conference,
U.S. Health and Human Services Secretary Sylvia
Burwell acknowledged interoperability to be the key to unlocking the real value of healthcare information systems for practicing physicians and all healthcare consumers (3).
Interoperability is important partly because it facilitates easier extraction of accurate, high-quality data from clinical records. Clinical research and quality measurement are both, in turn, dependent on this data extraction.
Presently, this is a time-and labor-intensive process that requires substantial resourcing. Data are the fundamental building blocks of clinical research and observational registries. As noted in an editorial by O'Gara and Harrington, "Clinical research provides the evidence base for Windle et al. IT ¼ information technology.
Windle et al. Important examples are illustrated in Table 2 . Windle et al.
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CARDIOLOGY PROFILES

Overview of the Profiles
Within the cardiology domain, 14 profiles have completed the development cycle and have been tested and validated at a Connectathon testing event ( Table 3 ) (13).
Cardiac Catheterization Workflow
The 
Retrieve Electrocardiogram for Display Content Profile
The Retrieve Electrocardiogram (ECG) for Display profile simplifies and standardizes the ECG access and viewing process, allowing multiple clinicians to view an ECG simultaneously, and provides images in a diagnostic display resolution (16) . As a content (not a workflow)
profile, it does not address the ordering, interpretation, or storage of ECG tracings.
Resting Electrocardiogram Workflow Profile
Stress Testing Workflow
The Stress Testing Workflow profile defines a means of ordering and performing cardiac stress tests involving both ECG and imaging (echocardiographic or nuclear) procedure components (19) . All of the acquired data are collected in a uniform format (DICOM). It extends the Echocardiography Workflow profile to include multimodality coordination and stress test-specific data requirements.
Displayable Reports Profile
The Displayable Reports profile manages the creation and The profile also resolves discrepancies that occur when several clinicians contribute to a single procedure such as a transcatheter aortic valve replacement procedure, which includes an interventional cardiologist, echocardiographer, anesthesiologist, and cardiothoracic surgeon.
Additionally, the profile describes and implements a workflow to allow reports to be exposed in a preliminary format and then ultimately to be signed or amended.
The profile also resolves report updates when there are changes to the patient demographics, when new relationships to other content in the storage media arise, or when relationships are no longer valid.
Cardiac Imaging Report Content
The Cardiac Imaging Report Content profile specifies the content and the structure for a clinical report of a cardiology imaging study (21) . This includes indications, and cardiac monitor devices) to any information management system (e.g., cardiovascular information system, electrophysiological device management system, EHR, and so on) (24) . The nomenclature was developed through collaboration between the Heart Rhythm Society and device manufacturers.
Cardiac Cath Report Content
The Cardiac Cath Report Content profile specifies the content structure for a clinical report of a diagnostic cardiac catheterization and percutaneous coronary intervention that is performed in an adult (25) . Similar to other content profiles, it includes indications, description of the procedure(s) performed, medications, complications, and findings.
Registry Content Submission
The Registry Content Submission profile specifies the content structure and value sets for reporting the data collected during a cardiac catheterization and/or percutaneous coronary intervention to the NCDR (26).
Nuclear Medicine Image
The Cross Enterprise Document Sharing, will be necessary to fully integrate the Nuclear Medicine Image profile into the daily workflow of the nuclear cardiology laboratory.
Profiles in Development
The profiles listed in Table 4 are in development and will be tested and released for use in the coming year.
CLINICAL RESEARCH AND QUALITY METRICS
Although presently there is a wealth of information captured in EHR systems, extracting the data elements (as explicit data needed for these additional purposes)
is costly and labor intensive, limiting the ability of institutions to engage in these activities. The ACC completed an independent assessment of various approaches to abstracting data for the purposes of quality metric reporting to the NCDR and determined that the IHE profile approach provided the best opportunity to achieve this strategic objective. Several IHE profiles from both the
Cardiology domain and Quality Research and Public
Health domain (described in the following section) bring together patient and episode-of-care-specific data to expedite and facilitate clinical research and quality metric reporting.
The IHE technical profiles noted in Table 5 provide the syntax to facilitate data exchange. For instance, adoption of these standards can facilitate the automated transfer of structured data from the EHR to NCDR registries.
PROMOTING THE IHE INTEROPERABILITY FRAMEWORK
The need for a data interoperability framework within the U.S. health IT infrastructure is appreciated by all stakeholders: patients, healthcare providers, administrators of healthcare facilities and organizations, healthcare regulatory agencies, as well as the healthcare-related industries, from health IT providers, to pharmaceutical and medical device manufacturers, and to health insurance Profile Name Description
Structural Heart Procedures Extends the Cath Report Content (CRC) profile to include new interventional structural heart therapies (e.g., transcatheter aortic valve replacement, mitral valve repair, atrial occlusion device implantation, and septal defect repair).
Registry Content SubmissionElectrophysiology
Supports data collection from the Electrophysiology Report Content Profile for submissions to the ICD, AFib, and LAAO modules of the NDCR.
Intravascular Imaging (IVI) Extends the existing Cardiac Catheterization Workflow (CATH) profile to include intravascular imaging.
companies. Each of these stakeholder groups must align behind a common approach if it is to succeed. The IHE framework and collaborative profile development process has been identified by a broad range of healthcare providers and industry as a practical tool for developing a data interoperability framework for the U.S. health IT infrastructure.
ACC is promoting adoption of IHE through several means:
n Engaging support from healthcare system executives by encouraging specification of support for IHE integration profiles in all requests for proposals;
n Encouraging end users to request support for IHE integration profiles;
n Lobbying the ONC to support the IHE Technical Frameworks in the EHR Incentive Program and beyond; and n Collaborating with other organizations such as the American Heart Association and the Joint Commission. transcription of data between source documents are also of concern. Ultimately, it is the patient's right to expect that the clinical systems using and retaining his or her data are interoperable, standards-based, portable, and readily accessible.
Request for Proposals
CONCLUSIONS
The lack of interoperability of health IT prevents the field of health care from realizing the full potential of the Information Age that has revolutionized so many fields of human endeavor. Using internationally recognized standards, IHE provides a construct to create the technical frameworks to exchange healthcare data while maintaining the granular syntactic and semantic attributes needed to accommodate the needs of the diverse consumers of healthcare information. We should not underestimate the complexity of true interoperability. Developing meaningful interoperability across the diverse and complex field of health care will require leadership from medical societies as well as federal and state organizations in the form of policies and financial incentives that will steer industry to develop and implement the infrastructure and systems that consumers require. Although we cannot overemphasize the enormity of this process, IHE will allow the rapid dissemination of best practices through efforts in standardization.
The ACC believes that meaningful interoperability of data, agnostic of proprietary vendor formatting, is crucial for optimal patient care as well as the many associated activities necessary to support a robust and transparent healthcare delivery system. IHE serves a unique role and fills a critical gap in pursuit of this goal.
